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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the ferroelectric film characterized by 
having the base irregularity formation process which forms irregularity in a base 
front face, and the ferroelectric membrane formation process which forms a 
ferroelectric on this base front face. 

[Claim 2] The manufacture approach of the ferroelectric film according to claim 1 
that width of face of the crevice of said base is characterized by 0.05-micrometer 
or more being 0.5 micrometers or less. 

[Claim 3] The ferroelectric component characterized by having the base which has 
irregularity on a front face, and the ferroelectric film formed by this base front 
face. 

[Claim 4] The ferroelectric component characterized by having the source drain 
field of the pair formed in the front face at said base on both sides of the base 
which has irregularity, the ferroelectric film formed in this base front face, the gate 
electrode formed on this ferroelectric film, and this gate electrode. 

[Translation done.] ~"~ ~~~ 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the non-volatile memory device 
which uses a semiconductor device, especially a ferroelectric for gate dielectric 
film. 
[0002] 

[Description of the Prior Art] The storage elements (FeRAM; Ferroelectric RAM) 
using a ferroelectric are points, such as a non-volatile, rapidity, random access 
nature, and count resistance of rewriting, to the existing memory, such as DRAM 
and EEPROM (Electrically Erasable Programmable ROM), it is dominance 
theoretically and the active product development is progressing, polarization 
[ since a ferroelectric can say the dielectric which has spontaneous polarization to 
a certain specific crystal orientation here and the spontaneous polarization can be 
reversed by external electric field ] - the matter which has an electric-field 
hysteresis property is said — PZT (Pb(Zr, Ti) O 3) and SBT (SrBi2 Ta 209) etc. — 
it is mentioned. 

[0003] FeRAM In a conventional semiconductor device called a ferroelectric, 
although the special ingredient which was not used is used therefore, in the 
dependability, still sufficient level is not reached as compared with the memory of 
other methods. Especially the improvement in membraneous of a ferroelectric is 
current FeRAM. It is one of the most important items in a development technique. 
[0004] The electric property of a ferroelectric storage element and the structural 
description of the ferroelectric film have close relation as they show the example 
below. 

(1) Leakage current MFM of a ferroelectric capacitor (MFM (Metal Ferroelectric 
Metal) capacitor) The leakage current of a capacitor is FeRAM. In order to 
increase the amount of consumed electric currents, it is necessary to decrease as 
much as possible. If the crystal grain child of a ferroelectric is large, it is known 
that the leakage current of a capacitor will increase because a dry area and an up 
electrode material enter [ membranous surface morphology ] a membranous valley. 
Moreover, a KONDAKUTIBU unusual appearance is sometimes formed in a grain 
boundary, and leakage current increases also by this. For example, in SBT. it is 
known that Bi deposits in a grain boundary at high concentration, and since Bi is a 
metal, it is thought that it has a KONDAKUTIBU property. 
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[0005] (2) The amount FeRAM of remanences It sets and is MFM. When a 
capacitor is shaken at a certain polarity, in order to read a storage condition 
according to the polarization reversal current which flows into the capacitor 
exterior, the high thing of the amount of remanences of a ferroelectric is desirable, 
Generally, the one where the particle size of a ferroelectric particle is larger is said 
to become large also for the amount of remanences. Moreover, there is no 
ferroelectric film at a single phase, and if the ferroelectric phase and the 
paraelectric phase are intermingled, the amount of remanences will fall. Moreover, 
there is also a report that fatigue resistance deteriorates because a trap occurs in 
a grain boundary. 

[0006] (3) It is on fluctuation of the amount of remanences, as stated, from a 
viewpoint of remanence reservation, the larger one of the particle size of the 
ferroelectric film is desirable but, if particle size becomes size to the extent that it 
can compare with capacitor size, fluctuation of the number of ferroelectric 
particles contained in a capacitor and the property fluctuation of each particle will 
actualize, and it will become difficult to realize a storage element with a uniform 
property. 

[0007] It is FeRAM as the above example explained. The biggest technical problem 
in high-performance-izing is development of the membrane formation technique of 
a quality ferroelectric. Specifically, it becomes possible by controlling good-ized 
factors, such as fluctuation of particle size and particle size, a grain consistency, 
surface roughness, and film internal stress, to manufacture the quality ferroelectric 



[0008] however, these good-ized factors — CVD (Chemical-Vapor-Depositlon) — 
it was very difficult for external factors, such as the manufacture approach of a 
ferroelectric which is represented by law, a spatter, and the sol gel process, and a 
substrate substrate ingredient which forms experiment conditions, an experimental 
device, and a ferroelectric, to be easy to be influenced, and to optimize these 
factors systematically. For this reason, in order to obtain the good ferroelectric 
film, the optimal conditions needed to be found out each time and there were many 
time amount and material losses. 

[0009] Moreover, even if it calls it the optimal conditions, for reservation of the 
amount of polarization, it is large in particle size, and for low leakage current, there 
is also a request which says that particle size is small and which was mutually 
contradictory, and it can be said that decision is difficult for the optimal true 
conditions, for example. 

[001 0] Furthermore, if it becomes so that a problem [ particle size ] like fluctuatior 
is difficult to control by the conventional approach, especially detailed-ization of a 
component progresses and a ferroelectric particle can be compared with design 
size, it will be predicted that this problem actualizes. 
[0011] As mentioned above, by the manufacture approach of the conventional 
ferroelectric film, the good-ized factor of ferroelectric film, such as particle size, a 
grain consistency, surface roughness, and film internal stress, is controlled 
efficiently, an essential problem like particle-size fluctuation is solved, and it is 
thought that it becomes difficult to offer the high definition ferroelectric film for a 



film. 



ferroelectric component. 
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[0012] 

[Problem(s) to be Solved by the Invention] This invention is having been made in 
consideration of the trouble mentioned above, and that purpose's offering the 
quality ferroelectric film, and offering the ferroelectric component using this quality 
ferroelectric film, 
[0013] 

[Means for Solving the Problem] This application the 1st invention is the 
manufacture approach of the ferroelectric film characterized by having the base 
irregularity formation process which forms irregularity in a base front face, and the 
ferroelectric membrane formation process which forms a ferroelectric on this base 
front face. 

[00141 This application the 2nd invention is the manufacture approach of the 
ferroelectric film given in this application the 1 st invention to which the width of 
face of the crevice of said base considers that it is [ 0.05 micrometer or more ] 0.5 
micrometers or less as the description. This application the 3rd invention is a 
ferroelectric component characterized by having the base which has irregularity on 
a front face, and the ferroelectric film formed by this base front face. 
[0015] This application the 4th invention is a ferroelectric component 
characterized by having the source drain field of the pair formed in the front face 
at said base on both sides of the base which has irregularity, the ferroelectric film 
formed in this base front face, the gate electrode formed on this ferroelectric film, 
and this gate electrode. 

[0016] In this invention, it is characterized by controlling the goodHzed factor of 
the ferroelectric film by effectiveness of only the configuration of the base used as 
the substrate when forming a ferroelectric. The following effectiveness is acquired 
by forming a ferroelectric on the base which has irregularity. 
[0017] (1) By the approach of the karyogenesis equalization former of a 
ferroelectric crystal, although the karyogenesis of a ferroelectric crystal had 
happened at random, it is giving the shape of toothing to a substrate substrate and 
setting this as a nucleation core, and can produce uniform karyogenesis 
compulsorily. In particle size's being able to form homogeneity and the dense film 
with few grain boundaries by this, since there is effectiveness, such as increase of 
particle size and the tropism of your kind consideration, the improvement in strong 
dielectric characteristics is obtained. 

[0018] (2) By the approach of the strain relaxation former of the ferroelectric film, 
since the ferroelectric was formed on the flat substrate substrate, it interfered in 
the ferroelectric film mutually, it suited in the direction parallel to a substrate front 
face, and the film containing distortion was formed. 

[0019] On the other hand, according to this invention, by giving the shape of 
toothing to the base used as a substrate, the degree of interference of the parallel 
ferroelectric film on a base front face is eased, and distortion can form little 
ferroelectric film. Degradation of strong dielectric characteristics which is 
represented by inhibition of the polarization reversal resulting from the distortion in 
the film by this is not only reduced, but it can form the ferroelectric film with them 
by carrying out film growth in an environment with little distortion. [ there are few 
gram boundaries and dense ] The engine performance of the ferroelectric film 
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improves by the above thing. 
[0020] 

[Embodiment of the Invention] the substrate base with which this invention has 
irregularity — receiving — a ferroelectric — forming membranes — MFM A 
capacitor and MFSFET (Metal-Ferroelectric-Semiconductor Field Effect 
Transistor) etc. — it is characterized by forming ferroelectric device structure 
According to the shape of toothing of a substrate base, the ferroelectric film has 
few grain boundaries, and is dense, and it becomes the good-quality film with flat 
surface morphology. Hereafter, the ferroelectric component using this ferroelectric 
film is explained to be the manufacture approach of the ferroelectric film to the 
substrate base top which has the irregularity of this invention, referring to a 
drawing. 

[0021] DrawingJ, is FeRAM concerning the 1st operation gestalt. MFM it is the 
sectional view of a capacitor part. The lower electrode Pt film 4 is formed in the Ti 
film 3 for raising adhesion silicon oxide 2 and on it on a silicon substrate 1, and a 
pan. Hole-like unevenness is formed in the lower electrode Pt film 4, the 
ferroelectric film 5 and the up Pt electrode 6 are formed on this, and it is MFM. 
The capacitor is formed. Here, the base used as a substrate may be only the lower 
electrode Pt film 4, and even 1-4 may also be included. 
[0022] In addition, in the semantics of a capacitor (dielectric inserted with the 
electrode), 4-6 are called MFM capacitor. Next, this MFM The manufacture 
approach of a capacitor is explained using drawing. 

[0023] First, as shown in drmmJZ , silicon oxide 2, the Ti film 3, and the lower 
electrode Ptfilm 4 are deposited to a silicon substrate 1. Silicon oxide is here for 
insulating electrically a silicon substrate 1 and the lower electrode Pt film 4, and 
the Ti film 3 is for raising the adhesion of the lower electrode Pt film 4 and silicon 
oxide 2. the ingredient of a lower electrode is restricted to Pt — ********** — 
IrirO 2 Ru and RuO 2 SrTiO 3 etc. - if it is the oxidation-resistant electrode 
which has conductivity, it is good anything. 

[0024] Next, as shown in pyawing_3 , the shape of hole-like toothing is processed 
into the lower electrode Pt film 4. A resist pattern which carries out opening of the 
circular hole on the lower electrode Pt film 4 is formed by optical lithography or 
electron beam exposure, and only Pt of opening is etched by the ion milling using 
Ar gas. Under the present circumstances, the geometrical description of the 
processed lower electrode Pt film is as follows as an example. That is, the 

fI>h U i r nn ° n °I2? , t0P fec * °. f 50nm and a c ^vice of the depth of the crevice in 
which lOOnm of thickness of the early lower electrode Pt film 4 was formed is 

C "iu la, i L nd th ! Width 0f fece of a crevice is 0 5 micrometers. Here, as for the 
width of face of a crevice, it is desirable that it is [ 0.05 micrometer or more ] 0 5 
micrometers or less. This is because karyogenesis equalization of (1) ferroelectric 
crystal mentioned above and the strain relaxation of (2) ferroelectric film will 
become difficult and a ferroelectricity will disappear according to the size effect of 
a ferroelectric in less than 0.05 micrometers, if it exceeds 0.5 micrometers. 
Moreover, the top face of a crevice may be a rectangle. The width of face of the 
crevice at this time means the width of face of the shorter one 
L0025] Next, as shown In drawing,4 , the ferroelectric film 5 is formed on the base 
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of dr^wjngLl • The ferroelectric film formed SrBi2 Ta 209 (SBT) as an example 
here by the organic metal part solution method (MOD (Metal Organic 
Decomposition) law). MOD SBT by law Deposition conditions are as follows MOD 
A solution is applied on a substrate with a spin coat on rotational-speed 1500rpm 
and the conditions for turnover time 20 seconds. A sample is dried at 200 degrees 
C behind a spin coat for 5 minutes, and the solvent in a solution is volatilized After 
repeating a spin coat and a desiccation process 3 times, it heat-treats in an 
atmospheric pressure oxygen ambient atmosphere at the temperature of 800 
degrees C for 30 minutes, and it is SBT. It crystallizes. Thus, formed SBT 
Thickness is set to about 300nm. Thus, formed SBT The film has tew grain 
boundaries, and its consistency Is high and it is the good-quality film with flat 
surface morphology. Furthermore, the up electrode Pt film 6 is formed on this, and 
it is drawing 1. MFM as shown A capacitor is completed, here — the class of 
ferroelectric — SBT not only — Pb(Zr, Ti) O 3 (PZT) and BI4 Ti 3012 (BiTO) etc 
~~ ?I^r! n . gr6d,ent ' S sufficient — carrying out — the membrane formation approach 
mn5S?.SS T ] he membrane formation approach of an except may be used, 
LUU26J MFM of drawmgJL concerning this operation gestalt A capacitor Is the 
conventional MFM by the ferroelectric film formed on the flat substrate electrode 
which does not have the shape of toothing. Outstanding electrical characteristics 
are shown as compared with a capacitor. 

[0027] This reason is as follows. As notionally shown in drawing_5 , when 
membranes are formed by the conventional approach, it has many grain 
boundaries, and particle size is dispersion and a low consistency and its surface 
JJSSfa J? ,$ « *° n the 0the [ handl acC0rdi "e to the approach of this invention, 
^^Si^^^T 1 ^ aS ka ^ ogenesis con * 01 of a grain and reduction 
Sf 2£££ * J film ' there are few graln bo u n daries, there is little dispersion 
n particle size, a film consistency is high, and since it becomes what was excellent 

r n nnoo1 a ^J!! orpno,ogy ' the «'«*rteal characteristics improve. 

iS thiS MR ? $ ° that MQga may show - Si " ce a editor 
fh. ^,Wni! D ? thickness, as notionally shown in drawing 6 , the application to 
the multiple-value memory which can memorize twFitepYof the amounts of 
polarization with a write-in electrical potential difference is possible for it That is 
it « the electrical potential difference VI in which only a part -with thickness 
p'X Jtftf reversal among ferroelectric film between the up"rode 
Pt film 6 from the lower electrode Pt film 4. and a thick part does not carry out 
polanzabon reversal in drawjngj. R> 1. Remanence Pi ir i drawrngj iff it impresses 
^h'?h a l Sh r n l S m / de - Furth6rmore ' electrical potentiaTdKce VzTwhlh 
Remanent f^ 1 *^ a thi " Part Carry out oolarization reversal 
drSffi \*l w > y ,mpre * s,ng as a write "in electrical potential difference / 
dra^ing^ ] P2 Writing as shown is made. Since two steps of polarization can be 
written in w,th a write-in electrical potential difference, it is a tot^of 4 in 
po Sl t.v e /n e gat,ve both directions. The actuation as multiple-value memo™ which 
has the storage cond.t,on of ** is attained. MFM which contains the feVroelecWc 
which has two steps of thickness as an example with this operatic feestaft 

^cSSS^r^ «ip.e-va,ue ^^fiSS. 
storage cond.fon of further many [ change / thickness / still more gradually ] is 
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realizable. Of course, it can also use as a storage element binary [ usual ] by 
setting up the thickness of a ferroelectric so that the thickest part of a 
ferroelectric may carry out polarization reversal with the usual operating voltage. 
[0029] Draw|ng_7 is the cross-section structure of the ferroelectric gate FET 
concerning the 2nd operation gestalt (MFSFET (Metal Ferroelectric Semiconductor 
FET)), On a silicon substrate 7, it is source/. The gate dielectric film which 
consists of silicon oxide 10 with the thin part which touched the drain edge and 
ferroelectric film 1 1, and the island-like field which consists of gate electrodes 12 
on gate dielectric film further are formed. In the both sides of said island-like field 

l r t nnJ? urce/ ' ThG drain fie,d 9 js formed and 'Elation Is made with the trench 8. 
L0030J Next, the manufacture approach of this MFSFET is explained using drawing 
First, as shown in drawing_8 , silicon oxide 10 is deposited on the silicon substrate 
f which has a trench 8, and the hole for forming the ferroelectric film which turns 
into some gate dielectric film to this silicon oxide 10 is formed. Under the present 
circumstances, the dimension of the hole which carries out opening to silicon oxide 
is FET. Although it is made small as much as possible since the part to which a 
channel part touches a ferroelectric soon is determined, with this operation 
gestalt, it may be 0.25 micrometers as an example. Moreover, the thickness of 
silicon oxide 10 may be 5nm as an example with this operation gestalt 
[0031] Next, it is MOD on the base which has the irregularity formed by the silicon 
substrate 7 and silicon oxide 1 0 in the ferroelectric film 1 1 as shown in drawing 9 
It deposits by law. Thus, it is embedded in a crevice, and in the part in the crevice 
which serves as gate dielectric film at least, the ferroelectric film made and 
deposited turns into film better than the ferroelectric film formed on the flat 
substrate substrate, as notionally shown in drawing 5 . 
[0 w?? furthermore, the metal me mbrane for forming a gate electrode on the 
substrate of a^vmg_9 is deposited, lithography for carrying out patterning of the 
gate electrode is performed, a metal membrane, the ferroelectric film, and silicon 
ox.de are etched, and structure like drawing 10 is acquired. It is source/, using a 
gate electrode as a mask succeedingly. MFSFET like drawiQg_7 is completed by 
performing heat treatment for performing the ion implantation for drain field 
formation, and activating the poured-in impurity 

C^n ?«S?t d J? h f 1,a °. Perati0n 8estalt can use a ^electric property 
n !^ ^ S l by * he fe rroelectr ic Aim formed by the conventional approach, 
KrcccT K ? * fe ™ e,ectnc ' as rt embeds in a crev «oe. Furthermore, in this 

. the interface of a channel and gate dielectric film, and is 
source/. Since almost all interface fields including a drain edge are covered with 
sHiconoxide there are little diffusion layer leakage current and interface state 
?c"c S Sv an f -S 6 ^"^mentality ability of MFSFET is excellent. Moreover, at 
K ha^L w' S ° pe ?* ion near a ch *nnel center is MFS. It has structure. 

L^ill 63 ? f b6, 2 8 C ° f dra,n e,ectric fi6ld 1 nard 1:0 be influenced to the 
ferroelectric film polarization actuation by the gate electrode by the usual 
MFSFET, and being carried out by stabilizing storage maintenance actuation by 

mp^liSr 58 ^/? the , cross ~ s ection structure of MFSFET concerning the 3rd 
operate gestalt On a silicon substrate 13, the ferroelectric film 18 of a T 



i://www4.iodl.nciDi.eo.iD/cRi-bin/tran web cei eiie 



2005/06/10 



06/10/2005 13:33 0426651783 ttTy* liXO t\°-i," 31 

JP.2000-208646.A [DETAILED DESCRIPTION] 7/8 

character mold is formed, the gate electrode 19 is formed on it, and the island-like 
field is formed. The island-like field is covered by silicon oxide 1 6 and the low 
dielectric constant film 17 (for example, silicon oxide by CVD). In the both ends of 
an island-like field, it is source/. The drain field 15 is formed and it is LOCOS 
(Local Oxidationof Silicon). The isolation by the oxide film 14 is made, 
[0035] Next, the manufacture approach of this MFSFET is explained using drawing 
First, it is LOCOS as shown in drawing _J2 . poly-Si deposited on the silicon 
substrate 13 which has an oxide film 14 A layer 21 is processed into the pattern of 
a gate electrode. 

[0036] Then, the ion implantation for forming a diffusion layer to the substrate of 
drawmg _12 is performed, a resist is exfoliated, and heat treatment for impurity 
activation is performed. Furthermore, silicon oxide 16 is deposited on the whole 
?n^ C i e ' and structure llke drawjng_!3 is acquired by performing flattening 
L0037J Next, it is poly-Si of the substrate of drawing 13 like drawing 14 . A layer 21 
is etched for example, with an alkali solution, and the base (a silicon substrate 1 3 
and silicon oxide 16) which has the irregularity for embedding the ferroelectric 
used as gate dielectric film is formed. 

[0038] Furthermore, a ferroelectric is formed with a sol gel process etc to the 
substrate of a£awing_J4 like drawing 15 . At this time, the ferroelectric film 
deviates from silicon oxide 16, and takes a gestalt in which the whole film is lifted 
by using as a stanchion the part which touched the silicon substrate 13. As an 
example as for d of drawing_l_4 . the depth of 0.25 micrometers and a crevice is 
set to about 30-40nm by it, when the width of face of a crevice is 0.1 micrometers 
this — raising — height d It is controllable by adjusting the width of face and the 
depth of a crevice. 

[0039] Next, as shown in drawing J6 , after depositing a metal membrane on the 
ferroelectric film 18 of drawingJ5 and forming the resist pattern of a gate 

tJ^t' is J andH ; k u e fie, l of T character mold containing the gate 
electrode 19 is formed by performing processing of a metal membrane and the 
ferroelectric film 1 8. 

[0040] I Furthermore, MFSFET of dniwjngJl can be obtained by depositing the low 

rf^rSSSSiTJ 7 t 2 the COmpo n nent of aaMMOfi • carr ^ out opening 
of the contact hole, and making wiring 20. MFSFET formed with this operation 

gestalt can use a ferroelectric property better than MFSFET by the ferroelectric 
film formed by the conventional approach, in order to form a ferroelectric, as it 
tZ 1 2 s J" a f r 5 v i ce - Fu , rtnermore - s 'nce the structure in which the ferroelectric 
film 18 deviated from silicon oxide 16 is taken and the structure which embeds this 
space by the low dielectric constant film 17 is taken in MFSFET of this operation 
gestalt they are the gate electrode 19 and source/. The gate parasitic 
capacitance generated between the drain fields 15 can be reduced, and the 
working speed which is the fundamental engine performance of MFSFET improves. 

^n C l 0f ! hS ,n r ntion] Tne ^^mental engine performance of a ferroelectric 
« C . a 1 J mDro y ed by beine able to manufacture the good ferroelectric 
w^l* i^ ,S ferroe ' ectnc fi,m farther by the manufacture approach of the 
ferroelectric film using the substrate base which has the shape of toothing of this 
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invention, as explained in full detail above. 
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* NOTICES * 

JPO and NCITI are not rcoponsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2, **** shows the word which can not be translated. 
3 ln the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the InventionJ This invention relates to the non-volatile memory device 
which uses a semiconductor device, especially a ferroelectric for gate dielectric 
film. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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1. This document has been translated by computer. So the translation may not 
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3.ln the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] The storage elements (FeRAM; Ferroe(ectricRAM) 
using a ferroelectric are points, such as a non-volatile, rapidity, random access 
nature, and count resistance of rewriting, to the existing memory, such as DRAM 
and EEPROM (Electrically Erasable Programmable ROM), it is dominance 
theoretically and the active product development is progressing, polarization 
[ since a ferroelectric can say the dielectric which has spontaneous polarization to 
a certain specific crystal orientation here and the spontaneous polarization can be 
reversed by external electric field ] - the matter which has an electric-field 
hysteresis property is said — PZT (Pb(Zr, Ti) O 3) and SBT (SrBi2 Ta 209) etc. — 
it is mentioned. 

[0003] FeRAM In a conventional semiconductor device called a ferroelectric, 
although the special ingredient which was not used is used therefore, in the 
dependability, still sufficient level is not reached as compared with the memory of 
other methods. Especially the improvement in membraneous of a ferroelectric is 
current FeRAM. It is one of the most important items in a development technique. 
[0004] The electric property of a ferroelectric storage element and the structural 
description of the ferroelectric film have close relation as they show the example 
below. 

(1) Leakage current MFM of a ferroelectric capacitor (MFM (Metal Ferroelectric 
Metal) capacitor) The leakage current of a capacitor is FeRAM. In order to 
increase the amount of consumed electric currents, it is necessary to decrease as 
much as possible. If the crystal grain child of a ferroelectric is large, it is known 
that the leakage current of a capacitor will increase because a dry area and an up 
electrode material enter [ membranous surface morphology ] a membranous valley. 
Moreover, a KONDAKUTIBU unusual appearance is sometimes formed in a grain 
boundary, and leakage current increases also by this. For example, in SBT, it is 
known that Bi deposits in a grain boundary at high concentration, and since Bi is a 
metal, it is thought that it has a KONDAKUTIBU property. 
[0005] (2) The amount FeRAM of remanences It sets and is MFM. When a 
capacitor is shaken at a certain polarity, in order to read a storage condition 
according to the polarization reversal current which flows into the capacitor 
exterior the high thing of the amount of remanences of a ferroelectric is desirable. 
Generally, the one where the particle size of a ferroelectric particle is larger is said 
to become large also for the amount of remanences. Moreover, there is no 
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ferroelectric film at a single phase, and if the ferroelectric phase and the 
paraelectric phase are intermingled, the amount of remanences will fall. Moreover, 
there is also a report that fatigue resistance deteriorates because a trap occurs in 
a grain boundary. 

[0006] (3) It is on fluctuation of the amount of remanences, as stated, from a 
viewpoint of remanence reservation, the larger one of the particle size of the 
ferroelectric film is desirable but, if particle size becomes size to the extent that it 
can compare with capacitor size, fluctuation of the number of ferroelectric 
particles contained in a capacitor and the property fluctuation of each particle will 
actualize, and it will become difficult to realize a storage element with a uniform 
property. 

[0007] It is FeRAM as the above example explained. The biggest technical problem 
in high-performance-izing is development of the membrane formation technique of 
a quality ferroelectric. Specifically, it becomes possible by controlling good-ized 
factors, such as fluctuation of particle size and particle size, a grain consistency, 
surface roughness, and film internal stress, to manufacture the quality ferroelectric 
film. 

[0008] however, these good-ized factors — CVD (Chemical-Vapor-Deposition) — 
it was very difficult for external factors, such as the manufacture approach of a 
ferroelectric which is represented by law, a spatter, and the sol gel process, and a 
substrate substrate ingredient which forms experiment conditions, an experimental 
device, and a ferroelectric, to be easy to be influenced, and to optimize these 
factors systematically. For this reason, in order to obtain the good ferroelectric 
film, the optimal conditions needed to be found out each time and there were many 
time amount and material losses. 

[0009] Moreover, even if it calls it the optimal conditions, for reservation of the 
amount of polarization, it is large in particle size, and for low leakage current, there 
is also a request which says that particle size is small and which was mutually 
contradictory, and it can be said that decision is difficult for the optimal true 
conditions, for example. 

[0010] Furthermore, if it becomes so that a problem [ particle size ] like fluctuation 
is difficult to control by the conventional approach, especially detailed-ization of a 
component progresses and a ferroelectric particle can be compared with design 
size, it will be predicted that this problem actualizes. 
[001 1] As mentioned above, by the manufacture approach of the conventional 
ferroelectric film, the good-ized factor of ferroelectric film, such as particle size, a 
grain consistency, surface roughness, and film internal stress, is controlled 
efficiently, an essential problem like particle-size fluctuation is solved, and it is 
thought that it becomes difficult to offer the high definition ferroelectric film for a 
ferroelectric component 
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JPO and NCIPI are not responsible for any 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The fundamental engine performance of a ferroelectric 
component can be improved by being able to manufacture the good ferroelectric 
film and using this ferroelectric film further by the manufacture approach of the 
ferroelectric film using the substrate base which has the shape of toothing of this 
invention, as explained In full detail above. 



[Translation done.] 



http://www4.iDdl.nciDi.gojD/cgi-bin/tran web cgi ejje 



2005/06/10 



86/10/2005 13:33 0426651783 /ft?"^ VXO 

JP,2000-2O8646,A [TECHNICAL PROBLEM] 



37/48 

1/1 1-*J 



* NOTICES * 

JPO and NCIPI are not responsible for any 
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LThis document has been translated by computer. So the translation may not 

reflect the original precisely. 
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3.ln the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention Is having been made in 
consideration of the trouble mentioned above, and that purpose's offering the 
quality ferroelectric film, and offering the ferroelectric component using this quality 
ferroelectric film. 



[Translation done.] 
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MEANS 



[Means tor Solving the Problem] This application the 1st Invention is the 
manufacture approach of the ferroelectric film characterized by having the base 
Irregularity formation process which forms Irregularity In a base front face, and the 
ferroelectric membrane formation process which forms a ferroelectric on this base 
front face. 

[0014] This application the 2nd invention is the manufacture approach of the 
ferroelectric film given in this application the 1st invention to which the width of 
face of the crevice of said base considers that it is [ 0.05 micrometer or more ] 0 5 
micrometers or less as the description. This application the 3rd invention is a 
ferroelectric component characterized by having the base which has irregularity on 
a front face, and the ferroelectric film formed by this base front face. 
[0015] This application the 4th invention is a ferroelectric component 
characterized by having the source drain field of the pair formed in the front face 
at said base on both sides of the base which has irregularity, the ferroelectric film 
formed in this base front face, the gate electrode formed on this ferroelectric film, 
and this gate electrode. 

[0016] In this invention, it is characterized by controlling the good-ized factor of 
the ferroelectric film by effectiveness of only the configuration of the base used as 
the substrate when forming a ferroelectric. The following effectiveness is acquired 
by forming a ferroelectric on the base which has irregularity. 
[0017] (1) By the approach of the karyogenesis equalization former of a 
ferroelectric crystal, although the karyogenesis of a ferroelectric crystal had 
happened at random, it is giving the shape of toothing to a substrate substrate and 
setting this as a nucleation core, and can produce uniform karyogenesis 
compulsorily. In particle size's being able to form homogeneity and the dense film 
with few grain boundaries by this, since there is effectiveness, such as increase of 
part.de size and the tropism of your kind consideration, the improvement in strong 
dielectric characteristics is obtained. 

cl°i 8 L (2) ^ y th . 6 a f ? roach ? f the strain relaxation former of the ferroelectric film, 
since the ferroelectric was formed on the flat substrate substrate, it interfered in 
the terroelectnc film mutually, it suited in the direction parallel to a substrate front 
face, and the film containing distortion was formed. 
[00 19] On the other hand, according to this invention, by giving the shape of 
toothing to the base used as a substrate, the degree of interference of the parallel 
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ferroelectric film on a base front face is eased, and distortion can form little 
ferroelectric film. Degradation of strong dielectric characteristics which is 
represented by inhibition of the polarization reversal resulting from the distortion in 
the film by this is not only reduced, but it can form the ferroelectric film with them 
by carrying out film growth in an environment with little distortion. [ there are few 
gram boundaries and dense ] The engine performance of the ferroelectric film 
improves by the above thing. 
[0020] 

[Embodiment of the Invention] the substrate base with which this invention has 
irregularity — receiving — a ferroelectric — forming membranes — MFM A 
capacitor and MFSFET (Metal-Feiroelectric-Semiconductor Field Effect 
Transistor) etc. — it is characterized by forming ferroelectric device structure 
According to the shape of toothing of a substrate base, the ferroelectric film has 
few grain boundaries, and is dense, and it becomes the good-quality film with flat 
surface morphology. Hereafter, the ferroelectric component using this ferroelectric 
film is explained to be the manufacture approach of the ferroelectric film to the 
substrate base top which has the irregularity of this invention, referring to a 
drawing. 

[0021] Prawing J, is FeRAM concerning the 1st operation gestalt MFM It is the 
sectional view of a capacitor part. The lower electrode Pt film 4 is formed in the Ti 
film 3 tor raising adhesion silicon oxide Z and on it on a silicon substrate 1, and a 
pan. Hole-like unevenness is formed in the lower electrode Pt film 4 the 
ferroelectric film 5 and the up Pt electrode 6 are formed on this, and it is MFM 
The capacitor is formed. Here, the base used as a substrate may be only the lower 
electrode Pt film 4, and even 1-4 may also be included. 
[0022] In addition, in the semantics of a capacitor (dielectric inserted with the 
electrode), 4-6 are called MFM capacitor. Next, this MFM The manufacture 
approach of a capacitor is explained using drawing 

[0023] First, as shown in QVamng_2 , silicon oxide 2, the Ti film 3, and the lower 
electrode Pt film 4 are deposited to a silicon substrate 1. Silicon oxide is here for 
insulating electrically a silicon substrate 1 and the lower electrode Pt film 4, and 
the Ti film 3 is for raising the adhesion of the lower electrode Pt film 4 and silicon 
oxide 2. the ingredient of a lower electrode is restricted to Pt — ********** — 

£°^ RU and J* u0 2 SrTi0 3 etc - - if [t is the oxidation-resistant electrode 
which has conductivity, it is good anything. 

L 0 ^ 2 2. N . eXt ' a ^ sh °wn Jn a^wjr^l , the shape of hole-like toothing is processed 
into the lower electrode Pt film 4. A resist pattern which carries out opening of the 
circular hole on the lower electrode Pt film 4 is formed by optical lithography or 
electron beam exposure, and only Pt of opening is etched by the ion milling using 
Ar gas. Under the present circumstances, the geometrical description of the 
processed lower electrode Pt film is as follows as an example. That is, the 

whVh U i r nn °t 2? , t0P ° f 50nm and a crevice of the de f*" of the crevice in 
wn,ch 1 OOnm of thickness of the early lower electrode Pt film 4 was formed is 

C, - r £u < l nd *! width of fece of a crevice is 0.5 micrometers. Here, as for the 
width of face of a crevice, it is desirable that it is [ 0.05 micrometer or more ] 0 5 
micrometers or less. This is because karyogenesis equalization of (1) ferroelectric 
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crystal mentioned above and the strain relaxation of (2) ferroelectric film will 
become difficult and a ferroelectricity will disappear according to the size effect of 
a ferroelectric in less than 0.05 micrometers, if it exceeds 0.5 micrometers. 
Moreover, the top face of a crevice may be a rectangle. The width of face of the 
crevice at this time means the width of face of the shorter one. 
[0025] Next, as shown in drawing ,4 , the ferroelectric film 5 is formed on the base 
of drawing 3 . The ferroelectric film formed SrBi2 Ta 209 (SBT) as an example 
here by the organic metal part solution method (MOD (Metal Organic 
Decomposition) law). MOD SBT by law Deposition conditions are as follows. MOD 
A solution is applied on a substrate with a spin coat on rotational-speed 1500rpm 
and the conditions for turnover time 20 seconds. A sample is dried at 200 degrees 
C behind a spin coat for 5 minutes, and the solvent in a solution is volatilized. After 
repeating a spin coat and a desiccation process 3 times, it heat-treats in an 
atmospheric pressure oxygen ambient atmosphere at the temperature of 800 
degrees c for 30 minutes, and it is SBT. It crystallizes. Thus, formed SBT 
Thickness is set to about 300nm. Thus, formed SBT The film has few grain 
boundaries, and its consistency is high and it is the good-quality film with flat 
surface morphology. Furthermore, the up electrode Pt film 6 is formed on this, and 
it is drawing 1. MFM as shown A capacitor is completed, here — the class of 
ferroelectric — SBT not only — Pb(Zr, Ti) O 3 (PZT) and Bi4 Ti 301 2 (BiTO) etc. 

— any ingredient is sufficient — carrying out — the membrane formation approach 

— MOD law — the membrane formation approach of an except may be used 
L0026J MFM of drawing_l concerning this operation gestalt A capacitor is the 
conventional MFM by the ferroelectric film formed on the flat substrate electrode 
which does not have the shape of toothing. Outstanding electrical characteristics 
are shown as compared with a capacitor. 

[0027] This reason is as follows. As notionally shown in drawing 5 , when 
membranes are formed by the conventional approach, it has many grain 
boundaries, and particle size is dispersion and a low consistency and its surface 
morphology is bad. On the other hand, according to the approach of this invention, 
according to effectiveness, such as karyogenesis control of a grain and reduction 
of the distortion in the film, there are few grain boundaries, there is little dispersion 
in particle size, a film consistency is high, and since it becomes what was excellent 
in surface morphology, the electrical characteristics improve. 
[0028] Furthermore, it is this MFM so that drawing 1 may show. Since a capacitor 
has two steps of thickness, as notionally shown in drawing 6 , the application to 
the multiple-value memory which can memorize two steps of the amounts of 
polanzation with a write-in electrical potential difference is possible for it That is 
it is the electrical potential difference V1 in which only a part with thin thickness ' 
carries out polarization reversal among ferroelectric film between the up electrode 
Pt film 6 from the lower electrode Pt film 4, and a thick part does not carry out 
polarization reversal in aVawjngj R> 1. Remanence P1 in drawing 6 if it impresses 
writing as shown is made. Furthermore, electrical potential difference V2 in which 
both the thick part of a ferroelectric and a thin part carry out polarization reversal 
Kemanence [ in / by impressing as a write-in electrical potential difference / 
drawing! ] P2 Writine as shown is made. Since two steps of polarization can be 
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written in with a write-in electrical potential difference, it i3 a total of 4 in 
positive/negative both directions. The actuation as multiple-value memory which 
has the storage condition of ** is attained. MFM which contains the ferroelectric 
which has two steps of thickness as an example with this operation gestalt 
Although the capacitor explained, the multiple-value memory which has the 
storage condition of further many [ change / thickness / still more gradually ] is 
realizable. Of course, it can also use as a storage element binary [ usual ] by 
setting up the thickness of a ferroelectric so that the thickest part of a 
ferroelectric may carry out polarization reversal with the usual operating voltage 
[0029] Drawing! is the cross-section structure of the ferroelectric gate FET 
concerning the 2nd operation gestalt (MFSFET (Metal Ferroelectric Semiconductor 
FET)). On a silicon substrate 7, it is source/. The gate dielectric film which 
consists of silicon oxide 10 with the thin part which touched the drain edge, and 
ferroelectric film 1 1, and the island-like field which consists of gate electrodes 12 
on gate dielectric film further are formed. In the both sides of said island-like field 

Fn!fon? u / ce/ ' The drain fie,d 9 is formed and isolation is made with the trench 8. 
L0Q30J Next, the manufacture approach of this MFSFET is explained using drawing 
First, as shown in dj^wjng_8 , silicon oxide 10 is deposited on the silicon substrate 
J which has a trench 8, and the hole for forming the ferroelectric film which turns 
into some gate dielectric film to this silicon oxide 10 is formed. Under the present 
circumstances, the dimension of the hole which carries out opening to silicon oxide 
is FET Although it is made small as much as possible since the part to which a 
channel part touches a ferroelectric soon is determined, with this operation 
gestalt, it may be 0.25 micrometers as an example. Moreover, the thickness of 
silicon oxide 10 may be 5nm as an example with this operation gestalt 
[0031] Next, it is MOD on the base which has the irregularity formed by the silicon 
substrate 7 and silicon oxide 10 in the ferroelectric film 1 1 as shown in drawing 9 
It deposits by law. Thus, it is embedded in a crevice, and in the part in thecrevice 
which serves as gate dielectric film at least, the ferroelectric film made and 
deposited turns into film better than the ferroelectric film formed on the flat 
substrate substrate, as notionally shown in drawing 5 . 
[0032] Furthermore, the metal membrane for forming a gate electrode on the 
substrate of drawing! is deposited, lithography for carrying out patterning of the 
gate electrode is performed, a metal membrane, the ferroelectric film, and silicon 
oxide are etched, and structure like aVaudngJO is acquired. It is source/, using a 
gate electrode as a mask succeeding^. MFSFET like drawing 7 is completed by 
performing heat treatment for performing the ion implantation for drain field 
formation, and activating the poured-in impurity. 

[0033] MFSFET formed with this operation gestalt can use a ferroelectric property 
better than MFSFET by the ferroelectric film formed by the conventional approach. 

TA^itr °„ form ^ fe "" 06lectri c. as * e ^eds «n a crevice. Furthermore, in this 
MFSFET, it sets to the interface of a channel and gate dielectric film, and is 
source/. Since almost all interface fields including a drain edge are covered with 
silicon oxide, there are little diffusion layer leakage current and interface state 
?fcc S Sv an x d l he ftotiwnerrtallty ability of MFSFET is excellent. Moreover, at 
mfsfet of this operation gestalt. near a channel center is MFS. It has structure 
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It has the features of being [ of drain electric field ] hard to be influenced to the 
ferroelectric film polarization actuation by the gate electrode by the usual 
MFSFET, and being carried out by stabilizing storage maintenance actuation by 
this. 

[0034] Drawing 1 1 is the cross-section structure of MFSFET concerning the 3rd 
operation gestalt On a silicon substrate 13, the ferroelectric film 18 of a T 
character mold is formed, the gate electrode 1 9 is formed on it, and the Island-like 
field is formed. The island-like field is covered by silicon oxide 16 and the low 
dielectric constant film 17 (for example, silicon oxide by CVD). In the both ends of 
an island-like field, it is source/. The drain field 15 is formed arid it is LOCOS 
(Local Oxidationof Silicon). The isolation by the oxide film 14 is made. 
[0035] Next, the manufacture approach of this MFSFET is explained using drawing. 
First, it is LOCOS as shown in drawing 1 2 . poly-Si deposited on the silicon 
substrate 13 which has an oxide film 14 A layer 21 is processed into the pattern of 
a gate electrode. 

[0036] Then, the ion implantation for forming a diffusion layer to the substrate of 
drawmg.12 is performed, a resist is exfoliated, and heat treatment for impurity 
activation is performed. Furthermore, silicon oxide 16 is deposited on the whole 
surface, and structure like drawin g 1 3 is acquired by performing flattening. 
[0037] Next it is poly-Si of the substrate of drawing 13 like drawing 14 . A layer 21 
is etched for example, with an alkali solution, and the base (a silicon substrate 13 
and silicon oxide 16) which has the irregularity for embedding the ferroelectric 
used as gate dielectric film is formed. 

[0038] Furthermore, a ferroelectric is formed with a sol gel process etc. to the 
substrate of drawing 14 like drawing 15 . At this time, the ferroelectric film 
deviates from silicon oxide 1 6, and takes a gestalt in which the whole film is lifted 
by using as a stanchion the part which touched the silicon substrate 1 3. As an 
example, as for d of drawing 14 , the depth of 0.25 micrometers and a crevice is 
set to about 30-40nm by it, when the width of face of a crevice is 0.1 micrometers, 
this — raising — height d It is controllable by adjusting the width of face and the 
depth of a crevice. 

[0039] Next, as shown in drawing 16 , after depositing a metal membrane on the 
ferroelectric film 18 of drawing. J5 and forming the resist pattern of a gate 
electrode, the island-like field of the T character mold containing the gate 
electrode 1 9 is formed by performing processing of a metal membrane and the 
ferroelectric film 18. 

[0040] Furthermore, MFSFET of drawing 1 1 can be obtained by depositing the low 
dielectric constant film 17 to the component of drawing 16 , carrying out opening 
of the contact hole, and making wiring 20. MFSFET formed with this operation 
gestalt can use a ferroelectric property better than MFSFET by the ferroelectric 
film formed by the conventional approach, in order to form a ferroelectric, as it 
embeds in a crevice. Furthermore, since the structure in which the ferroelectric 
film 18 deviated from silicon oxide 16 is taken and the structure which embeds this 
space by the low dielectric constant film 17 is taken in MFSFET of this operation 
gestalt, they are the gate electrode 1 9 and source/. The gate parasitic 
capacitance generated between the drain fields 15 can be reduced, and the 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

. [Drawing 1 1 MFM concerning the first operation gestalt of this invention Sectional 
view of a capacitor. 

[Drawing 2] MFM concerning the first operation gestalt of this invention Sectional 
view showing the production process of a capacitor. 

[DrawingJ], MFM concerning the first operation gestalt of this invention Sectional 
view showing the production process of a capacitor. 

[ Drawing _4_, MFM concerning the first operation gestalt of this invention Sectional 
view showing the production process of a capacitor. 

[Drawing. 5] The mimetic diagram showing the principle of the improvement in 
ferroelectric membraneous by the shape of toothing of a substrate in this 
invention. 

[Drawir_g_6] MFM concerning the first operation gestalt of this invention P-V which 
shows the application as multiple-value memory of a capacitor Curved conceptual 
diagram. 

[Drawing 7] The sectional view of MFSFET concerning the second operation 
gestalt of this invention. 

[Drawing 8] The sectional view showing the production process of MFSFET 

concerning the second operation gestalt of this invention. 

[Drawing 9] The sectional view showing the production process of MFSFET 

concerning the second operation gestalt of this invention, 

tDrawifllJifl The sectional view showing the production process of MFSFET 

concerning the second operation gestalt of this invention. 

{Drawing-Ill The sectional view of MFSFET concerning the third operation gestalt 
of this invention. 

[Draw.ng_12] The sectional view showing the production process of MFSFET 

concerning the third operation gestalt of this invention. 

[Drawingjj] The sectional view showing the production process of MFSFET 

concerning the third operation gestalt of this invention. 

[DrawingJ4l The sectional view showing the production process of MFSFET 

concerning the third operation gestalt of this invention. 

.[Drawing-153 The sectional view showing the production process of MFSFET 

concerning the third operation gestalt of this invention. 

[ Drawi ng 16] The sectional view showing the production process of MFSFET 
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concerning the third operation gestalt of this invention. 
[Description of Notations] 
1,7, 13 Si substrate 

2 Ten Silicon oxide 

3 Ti Film 

4 Lower Electrode Pt Film 
5, 11, 18 Ferroelectric film 
6 Up Electrode Pt Film 

8 Trench 

9 15 Source/Drain field 
12 Gate Electrode 

14 LOCOS Oxide Film 

1 6 Silicon Oxide 

17 Low Dielectric Constant Film 

19 Gate Electrode 

20 Wiring 

21 Poly-Si Layer 

22 Resist 
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DRAWINGS 



[Dr awing 1] 



[Drawing 2] 



[Drawing 3 ] 





— i 




HMbM 



1 : 

4 : T8B*ttPt» 
5 : agfttftM 



.5 
.4 



http://www4.ipdl.ncipi.gojD/cgi-bin/tran.web.cgi_eije 



2005/06/10 



06/10/2005 13:33 0426651783 

JP,2000-208646,A [DRAWINGS] 



wry* ifxo fT 4 



f\°-lt" 47/48 

2/3 




[Drawing 71 




7:: 

B : K 

10; >'J = >»ft» 
1i:iSSH_f*_t 

12 : V~ 



[Drawin g 8] 




10 



[Drawing 9] 
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[Drawing 1 31 




[Drawing J 4] 




Drawing 15J 




[D rawing 1 61 
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